Background The increasing frequency in the diagnosis of thyroid nodules has raised a growing interest in the search for new diagnostic tools to better select patients deserving surgery. In 2014, the major Italian Societies involved in the field drafted a new cytological classification, to better stratify pre-surgical risk of thyroid cancer, especially for the indeterminate category, split into TIR3A and TIR3B subclasses, associated to different therapeutic decisions. Materials and methods This retrospective cross-sectional survey analyzed thyroid fine-needle aspiration biopsy performed at our outpatient clinic before and after the introduction of the new SIAPEC-IAP consensus in May 2014. Results 8956 thyroid nodules were included in the analysis: 5692 were evaluated according to the old classification and 3264 according to the new one. The new criteria caused the overall prevalence of TIR3 to increase from 6.1 to 20.1%. Of those, 10.7 and 9.4% were included in the TIR3A and TIR3B subgroups, respectively. Each of the 213 TIR3B nodules underwent surgery and 86 (40.4%) were diagnosed as thyroid cancer, while among the 349 TIR3A nodules, only 15 of the 60 that underwent surgery were found to be thyroid cancer. Conclusions This analysis shows that the new SIAPEC-IAC criteria significantly increased the proportion of the overall TIR3 diagnosis. The division of TIR3 nodules into two subgroups (A and B) allowed a better evaluation of the oncologic risk and a better selection of patients to be referred to surgery.
Background
The prevalence of thyroid nodules in the general population is remarkable, with 15-20% of all subjects showing palpable nodules [1] [2] [3] . Nowadays, the diagnosis of thyroid nodules has become even more frequent because of the use of neck ultrasounds (US), allowing the detection of nodules in 19-67% of the population not clinically suspected for thyroid disease [4, 5] . Despite the large number of affected subjects, malignant thyroid cancer remains confined to a small group of patients. The prevalence of thyroid cancer in clinical series of patients with thyroid nodules has been reported to range between 8 and 16% [3] , whereas the estimated incidence of thyroid cancer in the general population is around 0.05-0.2 cases/1000 person * year [5, 6] . The increased accuracy in the diagnosis of thyroid nodules is likely to produce an increase in the estimated incidence of thyroid cancer [6, 7] , that is usually well differentiated and shows in most cases an excellent prognosis with survival rates of 95% in 30 years [5] . The development of diagnostic strategies capable of discriminating between malignant and benign nodules becomes, therefore, even more important than in the past.
In patients with thyroid nodules, it is important to evaluate some clinical risk factors, such as nodule features (large size, rapid growth, high consistency, fixation to surrounding structures), positive history for cancer risk (past exposure to ionizing radiation) and patient characteristics (young, age and male sex).
Fine-needle aspiration biopsy (FNAB) is considered to be the best predictive, cost-effective, safe and rapid test for discriminating malignant thyroid nodules [4, 8] . In most cases, thyroid cytology is classified as benign disease (60-70%), while the remaining are included in the categories of indeterminate, suspicious for malignancy, and malignant [4, 8] . Only a small percentage of FNAs result non-diagnostic, requiring a sampling repetition.
Among overall cytological categories, the indeterminate one is the most debated in all classification systems, for the relative low malignancy rate at diagnostic surgery. Both British Thyroid Classification (UK RCPath) and Bethesda Reporting System for Thyroid Cytology (BRSTC) identify two subgroups in the Indeterminate category [9, 10] . The BRSTC distinguishes two groups: atypia of undetermined significance (AUS)/follicular lesion of undetermined significance (FLUS) and follicular neoplasm (FN)/suspicious for FN (SFN). Conversely, the UK RCPath contemplates: Thy3a (atypia), corresponding to the Bethesda AUS/FLUS and Thy3f (follicular neoplasm), corresponding to the FN/ SFN [11, 12] .
Until 2014, the Italian Society for Anatomic Pathology and Cytology joint with the Italian Division of the International Academy of Pathology (SIAPEC-IAP) and the major Italian Societies of Endocrinology (the Italian Thyroid Association, the Italian Society of Endocrinology and the Italian Association of Clinical Endocrinologists) had endorsed a cytological classification of thyroid nodules with only one category of indeterminate lesions, named TIR3 [13] . In 2014, to improve the discriminating capacity of FNAB cytology, TIR3 was separated into two subgroups: TIR3A (Low-risk Indeterminate lesion) and TIR3B (High-risk Indeterminate lesion), approximately corresponding the first to the AUS/FLUS and Thy3a and the second to FN/SFN and Thy3f. The two categories have been reported to possess different risks of malignancy (< 10% for TIR3A and 15-30% for TIR3B) and, consequently, a different clinical management, according to which only TIR3B nodules should undergo surgery. The expected rate of malignancy for TIR3 subcategories is only partially based on the evidence of the published data [14] .
The present retrospective study was designed to assess the impact of the new cytological classification of thyroid nodules, verifying its predictive power for thyroid cancer.
Materials and methods
The current study was designed as a retrospective crosssectional survey, enrolling all patients referred for thyroid nodules to the Thyroid outpatient clinic of the University Hospital of Careggi, Florence between February 1st 2008 and July 31st 2017. All patients provided their written informed consent.
After collecting a complete clinical history, all patients underwent a neck ultrasound examination, assessing the presence of uninodular or multinodular goiter. Size, composition (solid, mixed or cystic), echogenicity (anechoic, hyperechoic or isoechoic, hypoechoic, very hypoechoic), halo (present, absent or present but discontinuous), margins (well defined or smooth, irregular or blurred), shape (taller than wide), echogenic foci (hyperechoic spot, macrocalcifications, microcalcifications), and vascularization (type 1, absence of flow signals; type 2, perinodular and absent or slight intranodular blood flow; type 3, marked intranodular blood flow) were determined and registered for each nodule.
The US and color-Doppler ultrasound (CDU) examinations were performed with a commercially available realtime scanner (ESAOTE Technos) equipped with a linear transducer operating at 10 MHz.
All nodules with suspicious ultrasound parameters were subjected to FNAB, according to the 2009 and 2015 American Thyroid Association (ATA) guidelines [15, 16] .
Each FNAB, aimed at tissue sampling was performed by an experienced surgeon, under the guidance of an endocrinologist with large experience in ultrasonography. A 21-23 gauge needle was used with the no-aspiration technique, according to which the needle, held between the thumb and forefinger of one hand, was gently inserted into the nodule and moved in different directions for 2-5 s, with 3 forward and back movements per second, allowing material entering the needle by capillary action. Cytological material from FNA was immediately rinsed into CytoLyt Solutions. According to the manufacturer's suggestions (CyticMalborough, MA, USA), each sample was centrifuged, resuspended in PreservCyt Solution, and processed using the ThinPrep ® Processor. Thereafter thin-layer slides were stained using the Papanicolaou procedure.
The cytologic diagnoses before May 2014 were made in accordance with the 2007 classification of the British Thyroid Association [17] , including five diagnostic groups, namely Thy 1-non-diagnostic; Thy 2-non neoplastic, Thy 3-follicular lesions, Thy 4-suspicious for malignancy, Thy 5-diagnostic for malignancy; after 2014, diagnoses were performed according to the new 2014 SIAPEC consensus. All samples were reviewed by two senior pathologists.
Only patients who gave their informed consent to FNAB and to the use of their clinical data were included in the analysis.
Before 2014, the local practice, in accordance with the British Guidelines 2007 [17] , was to refer almost all TIR3 nodules to surgery, considering clinical features, as described in "Background" section. After 2014, TIR3B nodules were all referred to surgery, whereas TIR3A nodules were not. However, a minority of TIR3A nodules underwent surgery, based on clinical judgment (N = 60). The surgical samples were cut before fixation for macroscopic examination.
Pathological evaluation was carried out performing multiple 5-mm slices of the whole thyroid gland to accurately define the dimensions of malignant lesions and their multifocality. Specimens were fixed in buffered formalin, embedded in paraffin and stained with hematoxylin and eosin for histologic study. All neoplastic lesions were staged according to tumor size, nodal involvement and distant metastasis (TNM 2010 and 2017) classification criteria [18] [19] [20] .
Chi square test was used to compare categorical variables. Stepwise multiple binary logistic regression was applied for multivariate analysis, including in the model the variables which had been resulted statistically significant at univariate analysis. All statistical analyses were performed on SPSS for windows 23.0.
Results
9016 patients with thyroid nodules were evaluated between February 2008 and July 2017; of these, 8956 gave their consent to FNAB and were included in the study. The old cytological classification was applied until May 2014; from then on, the new SIAPEC consensus criteria were applied. Therefore, 5692 and 3264 nodules were classified according to the old and new criteria, respectively.
The overall proportion of subjects in the Indeterminate category (TIR3) increased after 2014, when the categorization into TIR3A (Low-risk) and TIR3B (High-risk) was introduced (Fig. 1) .
In fact, the prevalence of TIR3 was 6.1% (347 out of 5692) until May 2014, with the old classification, and 20.1% (655 out of 3264), with the new one. Since the introduction of the distinction between TIR3A and TIR3B, of the 655 TIR3, 349 (10.7%) and 306 (9.4%) were classified as TIR3A and TIR3B, respectively.
Of the 347 patients classified as TIR3 (Indeterminate) before May 2014, 209 underwent surgery in our University Hospital where their thyroid was evaluated by our colleagues of the Pathology Department, providing us the histological results of the nodules previously submitted to FNAB. The proportion of subjects with thyroid malignancy was 28.7% (60 out of 209).
After the introduction of the new classification, all patients with TIR3B nodules (Indeterminate High-risk) were advised to undergo surgery. Of the 213 patients Table 2 .
Discussion
The adoption of a new grading system which modified current diagnostic categories can have a relevant impact on clinical practice. In the case of thyroid nodules, cytological classifications affect the proportion of patients referred to surgery. The modification of cytological grading of thyroid nodules, with the distinction of the previous "Indeterminate" category (AUS/FLUS and FN in USA Bethesda system; Thy3a and Thy3f in UK RCPath; and TIR3 in 2010 Italian SIAPEC-IAP grading system) into two distinct categories of "Low" and "High" risk (TIR3A and TIR3B in the new 2014 SIAPEC-IAP Consensus) is aimed at reducing the number of patients with benign nodules referred to surgery.
This retrospective analysis of a large clinical series of nodules shows that the overall proportion of patients classified in TIR3 (TIR3A + TIR3B with the new classification) substantially increased to about 20%, after the modification of the previous SIAPEC system.
The overall increase in TIR3 was associated with a reduction (from 70.9 to 58.8%) of TIR2 nodules. This suggests that, after the introduction of the new classification, some of the nodules previously labeled as TIR2 were prudently classified as TIR3A.
On the other hand, the difference in proportion of TIR2 and TIR3 could have been caused a change in case mix, with a more selected population accessing our tertiary-case Center. Another limitation is that the survey was performed in a single center, where cytological assessment was performed only by local pathologists; it is possible that pathologists from different Centers might have reached different [22] and the results of two studies performed on a smaller number of patients [23, 24] . On the other hand, a large percentage of TIR3B nodules (about 60%) referred to surgery turns out to be benign. This means that 3 out of 5 patients undergoing surgery receive no benefit from the treatment while being exposed to unnecessary surgical risks. Further, clinical, instrumental or biomolecular parameters with stronger diagnostic correlation need to be identified in this population. Notably, among TIR3B nodules those with Hurthle cell proliferation had a lower rate of positive histology (19.4% vs 44.0% in the rest of TIR3B cases). This finding is consistent with that of Straccia et al. [23] , who showed, in a similar series, a lower malignancy rate (9% vs 50%; p < 0.05) [23] . The significance of this cytological finding is still under debate so that Hurthle cell proliferation does not ultimately prove to be a good predictor of either follicular or Hurthle cell carcinoma [25] .
Thyroidectomy is not the primary option for TIR3A nodules, so the analysis was limited to patients who underwent surgery. As a consequence, cancer rate in this category is affected by an upstream bias selection: because of the relatively small number of cases undergoing surgery, the present study does not allow any definite estimate of prevalence of malignancy in TIR3A. Apparently, in this case series, the prevalent independent predictor for referral to surgery was the nodule size.
In conclusion, the new SIAPEC classification appears as an advancement in diagnosing thyroid cancer in patients with indeterminate cytology. Nevertheless, considering the high proportion of benign nodules in TIR3B, a more effective strategy is required to better select thyroid nodules deserving surgery.
